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Summary
Background The incidence of skin cancer, both melanoma and nonmelanoma skin cancer (NMSC), is rising throughout the world. The evaluation of trends in skin cancer will allow better planning of the future development of skin cancer services.
Objectives Using data collected from the Northern Ireland Cancer Registry (NICR), the incidence of the three major cutaneous cancers, basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and malignant melanoma (MM), was determined and the workload associated with their management assessed.
Methods The records of patients with a first diagnosis of BCC, SCC or MM occurring between 1993 and 2002 were retrieved from the NICR database. The annual age-and sex-adjusted incidence rates of all three skin cancers were computed per 100 000 person-years by direct standardization according to the European Standard Population. Trends in incidence were estimated by calculating the estimated annual percentage change using Microsoft Excel. For patients registered with the NICR as having BCC, SCC or MM, the number of pathological reports where malignant samples had been examined was counted and then summed to provide the number of specimens examined each year between 1993 and 2004. Results For all three cancers the age-specific rates for both males and females increased with age, except for MM in men aged 75 years and over, where the rates were seen to decrease. Over the 12-year period there was a 62% increase in the overall number of skin cancer samples processed by local pathology laboratories and a 20% increase in the number of patients. These data highlight the fact that many patients will have more than one skin cancer, which reinforces the benefit in collecting data for both patient and sample numbers in order to obtain a true reflection of the workload. The data have also shown that more affluent men and women have higher rates of BCC and MM than their less affluent counterparts. Conclusions In view of the data presented it is clear that management of NMSC and MM will impose significant demands on services in the years ahead. This will impact on the entire multidisciplinary team. Future planning, in terms of manpower and resources, will prove essential if we are to remain in a position to manage our patients with these malignant tumours appropriately.
The incidence of skin cancer, both melanoma and nonmelanoma skin cancer (NMSC), is rising throughout the world, with NMSC being the most common of all cancers. [1] [2] [3] [4] [5] Increased resources, both in terms of personnel and of finance, will be required to meet the demands that the management of these tumours will place on health services. The recently published U.K. National Institute for Health and Clin-ical Excellence consultation document on skin tumours has recommended that the epidemiology of skin cancer is studied further. 5 By evaluating the trends in skin cancer we will be in a better position to plan the future development of skin cancer services. However, few U.K. cancer registries routinely collect complete data on NMSC. 6 In this paper, using data collected by the Northern Ireland Cancer Registry (NICR) since 1993, we examine the epidemiology of skin cancers, including recent trends in incidence and health service workload. These data will help inform the future development of appropriate skin cancer services.
Materials and methods
The NICR is a population-based cancer registry that electronically collects data on cancer from all hospital administration systems and pathology laboratories within the province. For registration purposes patients with pathologically confirmed NMSC are registered by the NICR according to the European Network of Cancer Registries 7 guidelines for registration of NMSC, which recommend that only the first occurrence of an NMSC is registered. However, the Registry holds data on each pathology report relating to individuals with skin cancer. Version 10 of the International Classification of Diseases was used to identify NICR registrations of NMSC (C44) and malignant melanoma (MM) (C43). NMSC cases registered with SNOMED codes between 80903 and 80953 were considered as basal cell carcinoma (BCC) while those with SNOMED codes 80703 or 80713 were considered as squamous cell carcinoma (SCC).
The records of 14 500 patients with a first diagnosis of BCC and of 6405 patients with a first diagnosis of SCC occurring between 1993 and 2002 were retrieved from the NICR database. Of the 14 500 patients with BCC extracted, 58 were excluded from subsequent analyses: 57 diagnosed outside Northern Ireland and one diagnosed after the age of 100 years. Four patients with SCC were excluded because they were diagnosed after the age of 100 years. Of the 1866 patients with MM registered with the NICR during the same period, none was excluded from the subsequent analysis.
The annual age-and sex-adjusted incidence rates of MM and NMSC were computed per 100 000 person-years by direct standardization according to the European Standard Population (European age-standardized rates, EASRs). Trends in incidence were estimated by calculating the estimated annual percentage change (EAPC), using Microsoft Excel. The EAPC was calculated by fitting a regression line to the natural logarithm of the incidence rates, using calendar year as a regression variable, i.e. y ¼ mx + b, where y ¼ ln(rate) and x ¼ calendar year. Then the EAPC ¼ 100*(e m -1). This calculation assumes that the rates increased or decreased at a constant rate over the period examined. Joinpoint 8,9 analyses were performed to discern significant changes in the trend and, if present, the time-point at which they occurred. Joinpoint connects linear segments on a log/linear scale, to identify changes (significant or otherwise) in trend data, in terms of annual rates of change, in fixed periods of time. The program was also employed to investigate socioeconomic trends in incidence, using EASRs calculated by deprivation quintile and sex. Patients were assigned a deprivation quintile using the 2001 Northern Ireland Noble economic deprivation measure which assigned a deprivation score to each Census Enumeration District (ED) in Northern Ireland based upon the economic characteristics of all persons usually resident in that area. 10 For the purposes of this study the EDs were ranked according to this score and divided into quintiles, with quintile 1 containing the fifth of the population resident in the least deprived EDs and quintile 5 containing the fifth of the population resident the most deprived EDs.
Further to determine the workload associated with skin cancer in Northern Ireland, data on all examinations of malignant histological skin cancer specimens were collated. For patients registered with the NICR as having BCC, SCC or MM, the number of pathological reports where malignant samples had been examined was counted and then summed to provide the number of specimens examined each year between 1993 and 2004.
Results

Basal cell carcinoma
Incidence
On average, 712 men and 732 women were diagnosed with BCC each year during the study period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) , accounting for approximately 17% of both male and female cancers registered with the NICR. The mean annual male and female age-standardized incidences over the period were 94 and 72 per 100 000, respectively, giving a male/female incidence ratio of 1AE3 : 1. Fifty per cent of BCC cases were diagnosed in men aged 68 years and below and in women aged 71 years and below (P < 0AE001). Ten per cent of cases occurred in persons (both sexes) aged < 50 years. Agespecific rates of BCC increased with age for both sexes and levelled off among women aged 80 years or more but continued to rise in men ( Fig. 1 ).
Trends
Between 1993 and 2002, the age-adjusted incidence rates for BCC increased from 88 to 104 per 100 000 in men, and fell in women from 75 to 71 per 100 000. The EAPCs for men and women over this period were 1AE5% and )0AE6%, respectively (Table 1) . Joinpoint analysis confirmed a statistically significant increase in incidence in men (P ¼ 0AE012) but the change in female rates did not reach statistical significance. The observed increase in male rates was driven by the increase in men aged 70 years or over with the disease (Table 1) . No trend was evident among men aged 25-49 years or 50-69 years and no trend was evident in any female age group (Table 1) .
Deprivation
There was a statistically significant downward pattern (male P ¼ 0AE010; female P ¼ 0AE012) in age-standardized incidence of BCC across the quintiles of area-based deprivation score. Men and women living in the most affluent areas had EASRs of 117 and 85 per 100 000, respectively, while corresponding rates in those living in the most deprived areas were 83 and 66 per 100 000, respectively. When this analysis was restric-ted to diagnoses in two 5-year periods (before and after 1998), this relationship was observed in both periods in men but only in the latter period in women. 
Squamous cell carcinoma
Incidence
On average, 357 men and 283 women were diagnosed with SCC each year, accounting for 8% and 6% of male and female cancers registered with the NICR, respectively. The mean annual male and female age-standardized incidences over the period were 46 and 23 per 100 000, respectively, giving a male/female incidence ratio of 2 : 1. Fifty per cent of SCC cases were detected in men aged 74 years and below and in women aged 78 years and below (P < 0AE001). Four per cent of cases occurred in persons (both sexes) aged < 50 years. Age-specific rates of SCC increased with age for both sexes (Fig. 2) . Rates were consistently higher among men than women, with the exception of 35-39-year-olds, where absolute differences were small.
Trends
Between 1993 and 2002, the age-adjusted incidence rates for SCC increased from 41 to 48 per 100 000 in men but remained steady at 22 per 100 000 in women. The EAPCs for men and women over this period were 0AE6% and )0AE2%, respectively ( Table 1 ). Joinpoint analysis did not reveal any statistically significant increase in overall incidence in either sex over the period; however, a significant increase in rates was observed among men aged 70 years and over.
Deprivation
There was no relationship between area-based deprivation scores and SCC incidence for either sex over the period as a whole or in the two 5-year periods (before and after 1998).
Malignant melanoma
Incidence
On average, 72 men and 114 women were diagnosed with MM each year, accounting for 2% and 3% of male and female cancers registered with the NICR, respectively. The average annual male and female age-standardized incidences over the period were 10 and 13 per 100 000, respectively, giving a male/female incidence ratio of 0AE8 : 1. Fifty per cent of MM cases were detected in men aged 58 years and below and in women aged 57 years and below (P < 0AE05). Thirty five per cent of male cases and 39% of female cases occurred in persons aged < 50 years. Age-specific rates of MM increased with age in both sexes but not as rapidly as for SCC or BCC (Fig. 3) . In contrast to BCC and SCC, female rates were 
Trends
Between 1993 and 2002, the age-adjusted incidence rates for MM increased from 8 to 12 per 100 000 in men and from 14 to 16 per 100 000 in women. The EAPCs for men and women over this period were 2AE8% and 1AE1%, respectively ( Table 1 ). Joinpoint analysis detected significant changes in the linear trend for males and females over the period of interest. Male rates increased significantly between 1993 and 1995 (P ¼ 0AE049) and between 1998 and 2002 (P ¼ 0AE002). These observed increases in incidence were associated with an increase in rates among men aged 70 years and over (P ¼ 0AE01). Small changes in incidence among men aged 25-49 years or 50-69 years were not statistically significant. Female rates increased significantly from 1997 onwards (P ¼ 0AE022), driven by marginal increases in rates for 50-69-yearolds (P ¼ 0AE07) and the elderly (P ¼ 0AE08).
Deprivation
There was a strong negative association between quintile of area-based deprivation score (male P ¼ 0AE011; female P < 0AE001) and age-standardized incidence of MM. Men and women living in the most affluent areas had EASRs of 15 and 19 per 100 000, respectively, while corresponding rates in persons living in the most deprived areas were 6 and 8 per 100 000, respectively. The same pattern was observed in both 5-year periods before and after 1998.
Workload
In total, 26 982 BCC, 9370 SCC and 2943 MM histological specimens were examined during this period. This workload data corresponded to actual patient numbers of 17 879, 7427 and 2351 for BCC, SCC and MM, respectively ( Table 2 ).
Discussion
Worldwide, few cancer registries routinely collect complete data on skin cancer 3 and there is considerable variation in registration practice relating to skin cancers within the U.K. 6 The collection of data on NMSC is often omitted because of the large number of tumours involved and their nonaggressive nature. As a result, robust epidemiological data on NMSC are sparse. 3, 5 Since 1993, the NICR, which uses electronic data capture, has recorded complete data on all pathologically confirmed skin cancers. Using this information, the incidence of these three major cutaneous cancers has been determined and the workload associated with their management assessed. The data are comprehensive for both MM and NMSC and the quality and completeness of the data provide useful epidemiological information to assist in service development within the region.
The majority of the population in Northern Ireland has fair skin colour, in keeping with Fitzpatrick skin types I and II. The census in 2001 revealed that the population in Northern Ireland was 1AE685 million, constituting 2AE87% of the total U.K. population. It was noted that in Northern Ireland ethnic minority groups accounted for < 1% of the total population. 11 In comparison, in the same census 87% of the population of England and 96% of Wales gave their ethnic origin as white British. 12 Therefore the population reported in this paper reflects much less variability related to ethnic origin. We acknowledge that the data in this paper may not extrapolate completely to the rest of the U.K., but should be relevant to Scotland where ethnic minority groups account for 2% of the population. 12 Over the 10-year period from 1993, the incidence of skin cancer in Northern Ireland has increased. For all three cancers the age-specific rates for both males and females increased with age. There were significant changes in the linear trend of age-adjusted incidence rates for males with BCC and MM (Table 1) . These figures are similar to previous reports of increasing incidence for both the U.K. and Europe; however, the rates continue to be lower than in the U.S.A. and Australia. 3, [13] [14] [15] [16] These data have also shown that more affluent men and women have higher rates of BCC and MM than their less affluent counterparts. No such difference was seen for SCC. This association between affluence and MM is well recognized 17 but it has not been previously reported for BCC. It is possible that patients from lower socioeconomic groups do not present for medical care and this may result in some under-reporting of NMSC.
Reporting of skin cancers, in particular NMSC, is limited by the European code of practice which requires that only the first skin cancer is registered for each tumour type. Many patients have more than one NMSC, but these subsequent tumours will not be registered. Thus, skin cancers are subject to significant under-registration. 18 McLoone et al. reviewed local data from both the NICR and pathology records over a 6-month period in 1999. They found that the numbers registered officially by the NICR underestimated the true incidence of BCC by 33% (95% confidence interval 29-38%). 19 This compares with data published by Lucke et al., who report an under-recording of BCC by 31% in the Greater Glasgow area in 1995. 4 The incidence figures reported in this paper must be considered in the context of approximately 30% underreporting.
In order to address the limitations of solely examining the incidence of skin cancer, we also analysed workload by investigating the trends in the numbers of histological specimens obtained from skin cancer patients. This was possible because the NICR records these data. Over the 12-year period examined there was a 62% increase in the overall number of skin cancer samples processed by local pathology laboratories and a 20% increase in the number of patients. These data highlight the fact that many patients will have more than one skin cancer, which reinforces the benefit in collecting data for both patient and sample numbers in order to obtain a true reflection of the workload.
We accept that the workload figures may include a small proportion of duplicated data, for example if a diagnostic skin biopsy was followed by subsequent excision at a later date. It is also possible that some data have not been captured. However, it is current practice that, where possible, patients with an NMSC who are to receive radiotherapy or topical therapy will have a biopsy in advance. Thus these data will have been captured by the NICR. In complex cases, such as Mohs' micrographic surgery, involving multiple specimens, the data generated are captured as one event from the summary report. Therefore, overall we feel that the workload data are a fair reflection of the true numbers of NMSCs encountered in clinical practice in Northern Ireland. The management of a patient with skin cancer involves many disciplines, including dermatology, plastic surgery, pathology, oncology, radiology and administration departments. The increase in workload shown by the above figures will have a significant impact on many members of the multiprofessional skin cancer team, although this is difficult to quantify. It will require adequate financial planning and increased resources in order to cope with such demand in the future. The volume of suspected and actual skin cancer cases being referred to dermatology departments impacts significantly on the management of other chronic skin diseases, largely due to the pressure on clinic appointments and the fact that skin cancers are usually prioritized as urgent.
A recent study attempted to estimate the financial cost of skin cancer to the National Health Service (NHS) in England in 2002. 20 NHS costs were calculated by combining published data on health service use by patients with skin cancer with published data on the unit cost of services. The total cost of skin cancer to the NHS was calculated in excess of £71 million. Although considerable, this represents only 4% of total NHS expenditure on all cancers, even though skin cancer accounts for at least 20% of all cases of cancer. 21 It was postulated that the cost of managing the large number of patients with skin cancer is kept to a minimum because of efficient, often curative, surgery which can be carried out on an outpatient basis, often avoiding the need for expensive inpatient care.
In conclusion, in view of the data presented it is clear that management of NMSC and MM will impose significant demands on dermatology services and other related specialties in the years ahead. The ageing population in the U.K. will inevitably contribute to a further increase in skin cancer workload. The number of individuals aged 60 years and over is set to rise by more than half by 2030 and it is in this age group that 80% of all NMSCs occur. 22 This will not only affect dermatologists but will impact on the entire multidisciplinary team. Future planning, in terms of manpower and resources, will prove essential if we are to remain in a position to manage patients with these malignant tumours appropriately, while not compromising the management of other chronic dermatological diseases.
